It has been customary to use the Gross-Pitaevski equation (GPE) [1, 2] to investigate the physical properties of Bose-Einstein condensates (BEC) in trapped ultra-cold atoms having temperature, T , of about 100 nK. The GPE is basically a mean-field Hartree equation, where the two-particle potential is a replaced by a repulsive Dirac δ-function, the strength of which is then related to positive scattering length a used in describing very low-energy scattering crosssection in earlier experiments. Subsequent measurements, however, have determined a to be positive in some cases [3] [4] [5] [6] and negative in other cases [7] [8] [9] . Geltman and Bambini [10] have already questioned the use of the GPE for the negative scattering length and raised questions about the use of a as the sole atomic parameter in describing physical properties of BEC. The recasting of the GPE for a negative a is not straightforward. For example, the depletion of the condensation is proportional to [a 3/2 ] for a positive scattering length [11] , but this has no meaning for a negative scattering length. Aside from this, recent experiments involving the scattering of bosons at condensate temperatures of about 100 nK have revealed the occurrence of sharp resonances [3, 6, 9, [12] [13] [14] [15] [16] which are a reminiscence of resonances observed in early experiments of the scattering of thermal or nearly thermal neutrons by nuclei [17] . A single energy-independent scattering length is insufficient to describe such resonances in neutron scattering. Therefore, in this paper we examine the extent to which the observation of these resonances is compatible with the use of the GPE to describe scattering by BEC. The relevance of this investigation to Feshbach resonances is briefly described in a later paragraph.
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The self-consistent Hartree equation determining the wave function ψ( r ) is given by [11, 18, 19] 
In (1), v( r − r ) and E are, respectively, the interaction term and total energy between two bosons and T (r) is either a kinetic energy operator or a kinetic energy operator plus a onebody trap potential which is quite often taken to be a harmonic-oscillator potential of strength K, (1/2)Kr 2 . This equation, mathematically, is of the following form:
with
For a spherical symmetric V ( r ) i.e., V ( r ) = V (r), the r times the radial part of the wave function, u nl (r), satisfies the following equation:
in the absence of a harmonic trap, and
in the presence of a harmonic trap. µ, in (6a) and (6b), is the reduced mass. The solution of (5), that is regular at the origin, is given by the following Volterra equation [20] :
Its derivative is given by
u nl (r) and
are known up to a multiplicative constant which is set here to be one. In particular, for s-wave, relevant for the energy of interest here, (7) and (8) reduce to the following forms:
Characteristic features of the wave function at a resonance are that it a) exhibits a sudden jump to a maximum value and b) its slope, given by (10) for an s-wave and by (8) for any partial wave, changes its signature at that point. In fact, at the resonant energy, the derivative is zero. In case q 2 (x) is positive in the domain 0 ≤ x ≤ r, both of these conditions cannot be met. This is evident from (9) and (10) (4) is always positive, the system cannot exhibit any resonance if v( r − r ) is positive in the domain of integration in (4). In case v(r − r ) in (4) is replaced by a repulsive δ-function, which is usually done in obtaining the GPE, q 2 remains positive everywhere with or without a harmonic trap. This situation is not compatible with the observation of resonances in experiments.
On the other hand, the potential proposed by Geltman and Bambini (their equation (5)) [10] and the potential of Krauss and Stevens [21] have both an attractive and a repulsive component, which could make q 2 (x) negative in the domain 0 ≤ x ≤ r. In that case, these potentials meet the criteria for resonances and are compatible with the resonant structure observed in these experiments.
Resonances may occur due to the formation of a meta-stable composite system in the collision of two bodies, as investigated by Lane, Thomas, and Wigner [22] using R-matrix theory, and subsequently by Feshbach [23] using projection operator techniques, and Mustafa and Malik [24] using a coupled set of equations. Both in the approaches of Feshbach [23] and in [24] , the homogeneous part of each equation is given by an equation similar to eq. (1) and the necessary condition for the resonances is the occurrence of at least one resonant state in the solution of that homogeneous equation. Clearly, a homogeneous part represented by GPE cannot exhibit such a resonant state and hence, cannot generate Feshbach's resonances or resonances in the formalism of [24] . It is worth noting that Mies et al. [25] in their treatment to investigate the resonances in BEC did not use GPE but replaced the mean field in eq. (1) by a molecular potential capable of generating a bound state.
In conclusion, we may note that the resonances observed in thermal-neutron scattering by nuclei in the 1930s cannot be described by a single energy-independent scattering length but have been most suitably studied by specifying analytical properties of scattering length either in momentum or in energy plane [17] . Either of the latter procedures leads to famous Breit-Wigner resonances [26] . * * * We thank Ms. M. Hague, Ms. L. Moore and Ms. C. Booker for their assistance in the preparation of this manuscript. One of the authors (FBM) acknowledges the warm hospitality of the Physics and Astronomy Department of the University of Delaware and the Physics Department of the University of Coimbra.
